Sexual dimorphism requires the integration of positional information in the embryo with the sex determination pathway. Homeotic genes are a major source of positional information responsible for patterning along the anterior-posterior axis in embryonic development, and are likely to play a critical role in sexual dimorphism. Here, we investigate the role of homeotic genes in the sexually dimorphic development of the gonad in Drosophila. We have found that Abdominal-B (ABD-B) is expressed in a sexually dimorphic manner in the embryonic gonad. Furthermore, Abd-B is necessary and sufficient for specification of a sexually dimorphic cell type, the male-specific somatic gonadal precursors (msSGPs). In Abd-B mutants, the msSGPs are not specified and male gonads now resemble female gonads with respect to these cells. Ectopic expression of Abd-B is sufficient to induce formation of extra msSGPs in additional segments of the embryo. Abd-B works together with abdominal-A to pattern the non-sexually dimorphic somatic gonad in both sexes, while Abd-B alone specifies the msSGPs. Our results indicate that Abd-B acts at multiple levels to regulate gonad development and that Abd-B class homeotic genes are conserved factors in establishing gonad sexual dimorphism in diverse species. q
Introduction
Embryonic gonad formation involves the association of two cell types, germ cells and somatic gonadal precursors (SGPs). In Drosophila, SGPs are groups of mesodermal cells specified in abdominal parasegments (PS) 10-13 and can be identified by stage 11 of embryonic development (stages as in Campos-Ortega and Hartenstein, 1985) . SGPs form in bilateral clusters within PS10-12 (Brookman et al., 1992; Boyle and DiNardo, 1995; Boyle et al., 1997) , while in PS13, a distinct subset of mesoderm gives rise to the male-specific SGPs (msSGPs; DeFalco et al., 2003) . During stage 13, germ cells and SGPs begin to closely associate and coalesce, and by stage 15, coalescence is complete and the rounded embryonic gonad is formed. By this time, distinct anterior-posterior (A-P) cellular identities are already present in the embryonic gonad. Certain markers such as escargot label anterior SGPs (Gonczy et al., 1992) , while others, such as Wnt-2, bluetail, and eyes absent (eya) identify posterior SGPs (Galloni et al., 1993; Boyle et al., 1997; Kozopas et al., 1998) . Those three posterior markers also label msSGPs, which in addition express SOX100B (DeFalco et al., 2003) .
The abdominal region of the embryo which gives rise to the gonad is patterned by the homeotic genes Ultrabithorax (Ubx), abdominal-A (abd-A) and Abdominal-B (Abd-B) (Lewis, 1978) . Ubx and abd-A are expressed in the mesoderm, including PS10-12, during all stages of embryonic gonad formation (White and Wilcox, 1985; Karch et al., 1990; Macias et al., 1990) , while Abd-B has a more dynamic expression pattern. Prior to SGP specification, the anterior limit of mesodermal Abd-B expression is PS13, but, beginning at stage 11, it is also observed in PS12 and weakly in PS11. By stage 13, Abd-B mesodermal expression is strongest in PS11-14, with weak expression in PS10 (Kuziora and McGinnis, 1988; Celniker et al., 1989;  DeLorenzi and Bienz, 1990; Boulet et al., 1991) . However, the expression of homeotic genes relative to the distinct cell types of the developing gonad has not been fully addressed.
abd-A is required in the soma for proper SGP specification and gonad coalescence, and is sufficient to specify SGPs (Brookman et al., 1992; Cumberledge et al., 1992; Boyle and DiNardo, 1995; Greig and Akam, 1995; Boyle et al., 1997) . abd-A restricts SGP formation to PS10-12 by blocking the action of serpent, which promotes fat body development in other PS of the embryo (Moore et al., 1998a; Riechmann et al., 1998) . While some reports describe SGP specification defects in Abd-B mutants, others observe no gonad phenotype. However, it is clear that many SGPs do form in Abd-B mutants, and germ cells associate with these SGPs to form a gonad (Brookman et al., 1992; Greig and Akam, 1995) . It is thought that Abd-B further works with abd-A to pattern the A-P axis of the formed gonad (Boyle and DiNardo, 1995) . No role for Ubx in the gonad has yet been found (Greig and Akam, 1995) .
The specification of sexually dimorphic tissues is dependent not only upon proper sexual identity, but also upon positional information provided in part by the homeotic genes. In Drosophila, genital disc differentiation and adult abdomen pigmentation both require the proper combination of doublesex (dsx) sex determination signals and the homeotic gene Abd-B (Estrada and Sanchez-Herrero, 2001; Keisman and Baker, 2001; Kopp et al., 2000; Sanchez et al., 2001; Ahmad and Baker, 2002) . In the somatic gonad, msSGPs represent the earliest known sexual dimorphism (DeFalco et al., 2003) . msSGPs are initially specified in both sexes, but only join the posterior of the coalesced male gonad. In females, msSGPs die by apoptosis prior to coalescence, in a mechanism involving the cell death gene head involution defective (hid). Similar to the genital disc and the adult abdomen, msSGPs require proper doublesex signals for their sex-specific behavior (DeFalco et al., 2003) .
In this study, we examine the role of homeotic genes in the development of sexual dimorphism in the somatic gonad. We find that Abd-B is expressed in a sexually dimorphic manner in the Drosophila embryonic gonad. Furthermore, Abd-B is necessary and sufficient for specification of a sexually dimorphic cell type, the msSGPs. Our results indicate that patterning by Abd-B class homeotic genes is part of a common mechanism for creating gonad sexual dimorphism in diverse species.
Results

msSGPs express ABD-B but not ABD-A
To investigate how the homeotic genes regulate gonad formation, we examined the expression pattern of ABD-A and ABD-B, the key homeotic factors in the posterior of the Drosophila embryo. ABD-A is expressed in the SGPs and also in a group of cells more ventral to the gonad, as previously described ( Fig. 1A ; Boyle and DiNardo, 1995) . The expression of ABD-A in SGPs is weaker than in the ventral cells, but is clearly visible using either the ABD-A antibody (inset, Fig. 1A ) or the HCJ200 abd-A enhancer trap (data not shown; Bender and Hudson, 2000) . ABD-A expression in SGPs is uniform along the A-P axis of the gonad. We also find that msSGPs (identified by expression of SOX100B) do not express ABD-A (Fig. 1A) , consistent with our previous observation that abd-A is not genetically required for msSGP specification (DeFalco et al., 2003) .
In contrast, msSGPs express high levels of ABD-B at the time of gonad formation (Fig. 1B,C) . msSGPs are specified in PS13 in both males and females, and ABD-B is expressed in early msSGPs in both sexes (stage 12, data not shown). After gonad coalescence, msSGPs have joined to form the posterior portion of the male gonad, and continue to express both ABD-B and SOX100B (stage 15, Fig. 1C ). In the female, SOX100B-positive msSGPs are no longer present, and many fewer ABD-B-positive cells are observed in the coalesced gonad (Fig. 1D) . Thus, msSGPs express ABD-B at all stages we have examined; they arise in an embryonic region of high ABD-B expression (PS13), and maintain this expression even though the gonad will coalesce in PS10, a region where most cells express high levels of ABD-A and only low levels of ABD-B (Fig. 1E) .
We also see ABD-B expression in posterior SGPs that is distinct from the msSGP expression ( Fig. 1C,D ; DeLorenzi and Bienz, 1990) . Posterior SGPs are observed as ABD-Bpositive cells associating with germ cells in coalesced gonads in females (Fig. 1D) , and as ABD-B-positive, SOX100B-negative cells in coalesced male gonads (Fig. 1C) . These are likely to represent SGPs that are originally specified in PS12, and their expression of ABD-B is consistent with a role for Abd-B in patterning posterior SGPs.
We do not observe any role for the homeotic gene Ubx in initial gonad formation; we do not detect expression of UBX in SGPs or msSGPs, and Ubx 1 mutant embryos exhibit normal SGP specification, gonad coalescence, and sexually dimorphic msSGP behavior (data not shown).
Regulation of sexually dimorphic ABD-B expression
The coalesced gonad exhibits sexual dimorphism with regard to ABD-B expression: there are many more ABD-Bpositive cells in the male gonad than in the female (Fig. 1C,D) . We addressed whether this is due solely to the programmed cell death of the msSGPs in females, or if ABD-B expression is regulated independently by the sex determination pathway. Programmed cell death of msSGPs in females is regulated by the sex determination genes tra and dsx. In tra and dsx mutants, msSGPs survive in both XX and XY embryos and continue to express the msSGP marker SOX100B (DeFalco et al., 2003) . We find that these msSGPs are also able to express ABD-B; in 100% of tra (nZ28) and dsx (nZ26) mutant embryos (i.e. both XX and XY), msSGPs exhibit ABD-B expression ( Fig. 2A,B , cf. Fig. 1C ). Interestingly, dsx mutant embryonic gonads initially appear fully masculinized, as previously described (DeFalco et al., 2003) , despite having an intersexual phenotype in larval stages (Steinmann-Zwicky, 1994) .
It is possible that expression of ABD-B in msSGPs is normally repressed in females. To test this possibility, we examined ABD-B expression in msSGPs in females where programmed cell death was blocked, by using a deficiency (H99) that removes three genes (hid, grim, and reaper) thought to be required for virtually all apoptosis in the Drosophila embryo (White et al., 1994) . We have shown previously that the genes in this deficiency are required for apoptosis of msSGPs in females, and the surviving msSGPs still express SOX100B (DeFalco et al., 2003) . In 100% (nZ25) of H99 mutant embryos (i.e. males and females), msSGPs express ABD-B in addition to SOX100B (Fig. 2C) . Thus, ABD-B expression is not directly regulated by the sex determination pathway, and sexually dimorphic expression of ABD-B in the gonad is a result of sex-specific programmed cell death of msSGPs.
Abd-B is required for msSGP specification
Previously, it has been shown that SGPs require abd-A for their specification (Brookman et al., 1992; Cumberledge et al., 1992; Boyle and DiNardo, 1995) , while msSGPs do not (DeFalco et al., 2003) . Since we observe ABD-B expression in msSGPs, we tested whether Abd-B is required for msSGP specification. After gonad coalescence, when msSGPs are normally present in males (Fig. 3A) , no SOX100B expressing msSGPs are observed in Abd-B mutants of either sex (Fig. 3C,D) . msSGPs are also no longer detectable by EYA expression (data not shown). In effect, sex reversal (with regard to msSGPs) has been achieved through the removal of Abd-B function since male gonads now lack msSGPs and resemble female gonads. Examination of the SGPs reveals that normal numbers of SGPs are specified in Abd-B mutants (average of 31.2 EYA-positive SGPs in Abd-B K vs. 30.2 in wild type, nZ5 gonads for each genotype), and they associate with the migrating germ cells. However, the gonads are often not as tightly compacted as in wild type.
We next examined earlier stages in Abd-B mutants to determine if msSGPs fail to be initially specified or, instead, undergo programmed cell death in both sexes. At stage 13, when msSGPs are present in both males and females in wild type embryos, we never observe SOX100B-positive cells in Abd-B mutants ( Fig. 3E ; data not shown). We conclude that Abd-B is required for initial specification of msSGPs.
ABD-B is sufficient to induce msSGP specification
We also tested whether Abd-B is sufficient to induce msSGPs in more anterior regions of the embryo. Normally, msSGPs (identified by co-expression of EYA and SOX100B) are only specified in PS13 ( Fig. 4A ; DeFalco et al., 2003) . However, if Abd-B is ectopically expressed throughout the mesoderm using the GAL4/UAS system (Brand and Perrimon, 1993) , additional clusters of EYA and SOX100B co-expressing cells are observed in more anterior regions (Fig. 4B) . As many as 10 total clusters of msSGPs are observed, spanning from PS4-13. Thus, each of these PS contains a subset of mesoderm that is competent for msSGP specification in the presence of ABD-B.
As has been previously shown, ectopic expression of Abd-B blocks the specification of SGPs, likely by repressing abd-A (Karch et al., 1990; Macias et al., 1990; Greig and Akam, 1995) . Consequently, when Abd-B alone is expressed throughout the mesoderm, no gonads form and germ cells are either scattered or associated with msSGPs ( Fig. 4B) . However, when abd-A is co-expressed with Abd-B (Fig. 4C ), we observe a rescue of EYA-positive SGPs along with the ectopically induced msSGPs. Ectopic abd-A also induces additional SGPs anterior to the gonad, as has previously been described (Boyle and DiNardo, 1995; Greig and Akam, 1995; Boyle et al., 1997) . A large group of SGPs and msSGPs associates with most of the germ cells in the region where the gonad would normally be coalescing, and ectopic SGPs and msSGPs also associate with one another in more anterior regions. Thus, Abd-B alone induces ectopic msSGPs, while expression of abd-A and Abd-B together induces both SGPs and msSGPs.
To determine if the additional EYA/SOX100B coexpressing cells are truly msSGPs, we wanted to determine if these cells would join the gonad in males, and undergo programmed cell death in females, since this is the proper behavior for the endogenous msSGPs. However, since embryos of the genotypes utilized above die just before the time of gonad formation, we could not assess the later fates of the ectopic msSGPs. Instead, we examined embryos mutant for Polycomb (Pc), a negative regulator of homeotic gene expression. In Pc mutants, ABD-A and ABD-B are ectopically expressed in anterior PS (Celniker et al., 1989; Simon et al., 1992 ; data not shown), and ABD-A appears downregulated in the area of the gonad, but is not eliminated (data not shown). These embryos survive to late embryogenesis (Kuziora and McGinnis, 1988; Celniker et al., 1989) , well beyond the time of gonad formation. In Pc mutants before gonad coalescence, ectopic msSGPs (EYA/ SOX100B double-positive) are observed in both males and females (Fig. 4D) , similar to what we observe using ectopic Abd-B expression. We also observe normal and ectopic SGP specification (EYA-positive only cells), likely due to remaining ABD-A present in this background. At later stages in males, a large number of ectopic msSGPs associate with the SGPs and germ cells to form M5 mutant male gonad prior to gonad coalescence. Note absence of SOX100B staining in gonads in (C) and (E). All embryos were sexed with anti-SXL antibody. Scale bar represents 10 mm. a gonad ( Fig. 4E ; data not shown). In contrast, in most female embryos, msSGPs are no longer observed at later stages (Fig. 4F) , although a few SOX100B-positive cells persist in some embryos and associate with germ cells. This suggests that the ectopic msSGPs in females undergo programmed cell death similar to endogenous msSGPs. Thus, the additional EYA/SOX100B-expressing cells induced by ectopic ABD-B behave as msSGPs in both males and females.
The above data also indicate that expression of abd-A does not inhibit msSGP formation, even though msSGPs normally do not express ABD-A (Fig. 1) . To confirm this observation, we over-expressed abd-A alone to determine the effects on endogenous msSGP specification. Under these conditions, no change in the msSGPs is observed: these cells are still present, and join the posterior of the male gonad as in wild type (Fig. 4G) . At earlier stages, msSGPs are observed in both males and females under these conditions, and disappear in females (data not shown). Over-expression of abd-A does induce ectopic SGP formation, seen as additional EYA-positive cells anterior to the normal position of the gonad, as has been observed previously with other SGP markers (Boyle and DiNardo, 1995; Greig and Akam, 1995; Boyle et al., 1997) . We conclude that msSGPs are regulated by Abd-B alone, and are not affected by mutations in abd-A (DeFalco et al., 2003) or forced expression of abd-A.
Regulation of SGP identity by abd-A and Abd-B
Abd-B is also likely to play a critical role in patterning the SGPs. Boyle and DiNardo (1995) have previously proposed a model in which anterior SGP identity is specified by abd-A alone, while posterior SGP identity is specified by the combination of abd-A and Abd-B. These original studies were conducted prior to the discovery of the msSGPs, and since the SGPs and msSGPs express many markers in common, it was not possible to distinguish between SGPs and msSGPs in those experiments. Since Abd-B is critical for specification of the msSGPs (above), it is important to verify that Abd-B also has an independent role in specifying posterior SGPs. After gonad formation, EYA is expressed at higher levels in posterior SGPs than in anterior SGPs (Boyle et al., 1997) . We find that this is true even in females (Fig. 5A) , where no msSGPs are present after gonad formation to interfere with analysis of the SGPs. In Abd-B mutant embryos, EYA is no longer expressed at higher levels in posterior SGPs (Fig. 5B) , and these cells express a low level of EYA similar to that observed in anterior SGPs. Thus, independent of its effects on the msSGPs, Abd-B also plays a role in specifying posterior vs. anterior SGP identity, strongly supporting the model of Boyle and DiNardo (1995) .
This model makes two further predictions that we have tested. First, Abd-B should be completely dispensable for anterior SGP identity. escargot (esg) is a marker for anterior SGP identity (Gonczy et al., 1992) , and we utilized an enhancer trap in the esg locus as a reporter for esg expression (Whiteley et al., 1992) . This marker is expressed in SGPs in the anterior region of the coalesced gonad in wild type (Fig. 5C) . In an Abd-B mutant background, this marker is still expressed in the anterior gonad, indicating that Abd-B is not required for anterior SGP identity (Fig. 5D) . We also find gonads in which esg is now expressed more posteriorly throughout the entire gonad, suggesting that more of the gonad now has adopted an anterior fate. The model also predicts that ectopic expression of Abd-B in the anterior should repress anterior SGP identity. We again used the Pc mutant background to examine gonads in which ABD-A and ABD-B were broadly co-expressed. In Pc mutants, the esg reporter is no longer expressed in the gonad (Fig. 5E) , suggesting that ectopic ABD-B is indeed capable of repressing anterior SGP identity.
Discussion
We have analyzed the role of the homeotic genes in establishing distinct identities amongst the cells that make up the somatic portion of the gonad. This includes the specification of a unique cell type, the msSGPs, which produces the earliest known difference between the male and female somatic gonad. The gonad provides a fascinating example of how the homeotic genes can be used at different stages, and in different combinations, to create the cellular diversity required to form a single organ.
Homeotic genes and gonad development
Specification of SGPs and msSGPs
The homeotic genes initially work to specify the distinct types of somatic cells that will contribute to the gonad. We have demonstrated that Abd-B is necessary for the specification of msSGPs in PS13, and is sufficient to induce msSGP clusters in ectopic positions. Thus, Abd-B appears to restrict msSGP development to PS13. Consistent with this idea, the anterior limit of Abd-B expression is initially in PS13, and only later extends into more anterior regions (Kuziora and McGinnis, 1988; Celniker et al., 1989; DeLorenzi and Bienz, 1990; Boulet et al., 1991) .
In a similar manner, abd-A is required for the specification of SGPs in PS10-12. abd-A acts to promote SGP development by blocking srp and fat body development in these PS (Moore et al., 1998a; Riechmann et al., 1998) . abd-A is also sufficient to induce ectopic SGPs when expressed in more anterior regions (Boyle and DiNardo, 1995; Greig and Akam, 1995; Boyle et al., 1997) . Thus, the first stage where the homeotic genes act in patterning the somatic gonad is in restricting SGP and msSGP development to their proper PS.
Patterning SGP identity
The homeotic genes next act to pattern distinct identities within the somatic gonad (Fig. 6) . abd-A alone specifies anterior SGP identity, a combination of abd-A and Abd-B specifies posterior SGP identity, and Abd-B alone is required to specify msSGP identity. This role for the homeotic genes is greatly facilitated by the fact that the cells of the somatic gonad are originally specified in four different PS of the embryo, allowing these cells to acquire unique homeotic gene expression profiles, or Hox codes, that will determine A-P identities. These Hox codes are maintained as the SGPs and msSGPs move anteriorly and coalesce with the germ cells to form a gonad in PS10, as clearly evidenced by the maintenance of ABD-B expression in the msSGPs and posterior SGPs in the coalesced gonad (Fig. 1) .
The precursors for the dorsal vessel, the Drosophila heart, are similarly specified in separate PS (4-13), allowing distinct identities to be patterned along the A-P axis by Ultrabithorax, abd-A, and Abd-B (Lo et al., 2002; Lovato et al., 2002; Ponzielli et al., 2002) . This is also true in other tissues, such as the visceral mesoderm and fat body (Bienz, 1994; Marchetti et al., 2003) . Thus, it is a common theme that organ precursors are specified in a spatially segregated manner, allowing the cells to acquire distinct identities that are preserved during organogenesis.
Sexual dimorphism
The last stage where homeotic genes act is in the development of sexual dimorphism in the gonad. The unique identity of the msSGPs, provided in part by Abd-B, allows these cells to behave differently in males and females.
In males these cells join the posterior of the coalescing gonad, while they are removed by programmed cell death in the female (DeFalco et al., 2003) . Furthermore, we have found that the anterior SGPs also behave differently in males vs. females (SLB and MVD, unpublished) , indicating that the unique SGP identity conferred by abd-A also allows cells to respond differently to distinct sexual identities. How cell identity in the gonad, regulated by the homeotic genes, interacts with the sex determination pathway to produce distinct outputs is a fascinating area for future study.
The relationship between dsx and Abd-B
There appears to be a common regulatory link between cell types specified by Abd-B and sex-specific regulation by the sex determining gene dsx. We have shown that Abd-B is critical for specifying msSGP identity (this work) and that dsx is critical for causing these cells to behave differently in males and females (DeFalco et al., 2003) . The head involution defective (hid) gene is essential for femalespecific programmed cell death of the msSGPs (DeFalco mutant gonad stained for VASA (blue) and esg-lacZ b-GAL (red). Progeny of esg-lacZ males and w 1118 females were used for wild type in (C), and sex of embryo in (A) was determined by using a b-GAL-expressing X chromosome (see Section 4). Scale bar represents 10 mm in (A-E) and 37 mm in insets. et al., 2003) , and is a candidate for being differentially regulated by Abd-B and dsx in the two sexes.
A similar relationship between Abd-B and dsx has been observed in several other examples. It has been shown that these genes interact to control the pattern of sex-specific pigmentation in the Drosophila abdomen, and that bric à brac (bab) integrates positional and sexual inputs in this tissue (Kopp et al., 2000) . The combination of Abd-B and female identity allows bab to act in blocking pigment formation, whereas in males, Abd-B can repress bab in order to allow pigment formation to occur.
Abd-B and dsx also cooperate in sex-specific development of the genital disc, which gives rise to the non-gonadal structures that must eventually join with the gonad to form the functional adult reproductive system. Abd-B and dsx act through the signaling molecules Wingless and Decapentaplegic to pattern the genital disc, and through the FGF ligand Branchless to regulate mesodermal cell migration into the disc (Estrada and Sanchez-Herrero, 2001; Keisman and Baker, 2001; Sanchez et al., 2001; Ahmad and Baker, 2002) . The expression of a key regulator of genital disc development, dachshund, has been shown to be affected by both Abd-B and dsx (Estrada and Sanchez-Herrero, 2001; Keisman and Baker, 2001; Sanchez et al., 2001) .
Thus, Abd-B and dsx are used in combination to pattern several independent tissues during development. Other cell-type-specific factors must be involved, since these tissues exhibit distinct responses to Abd-B and dsx. However, Abd-B and dsx clearly form a common regulatory network used multiple times in development to create sexual dimorphism.
Abd-B may be a conserved factor regulating somatic gonad development
Data from studies on Caenorhabditis elegans and mice suggest that regional identities conferred by homeotic genes are required for the proper development and sexual dimorphism of the gonad in these species. An Abd-B homolog in C. elegans, egl-5, is expressed in the somatic gonad and is required for SGP development (Chisholm, 1991; Ferreira et al., 1999) . Furthermore, in a certain percent of egl-5 mutant males it appears as if the somatic gonad takes on a hermaphrodite-like morphology (Brookman et al., 1992) . (Chisholm, 1991) . This sex-specific phenotype may be analogous to what we see in Drosophila, in which Abd-B mutant male gonads take on a partial female phenotype (as characterized by an absence of msSGPs). Due to a great deal of gene expansion in the mammalian homeotic complex resulting in potential gene redundancy or overlapping function, it may prove difficult to find a single mouse gene with a similar phenotype to Abd-B or egl-5. However, Hoxa10 male knockout mice exhibit blocks in spermatogenesis, while the female gonad can produce functional eggs (Satokata et al., 1995) , demonstrating a sexually dimorphic role for posterior Hox genes in mouse gonad development.
In addition, studies of the Polycomb (Pc) group of homeotic regulators are also consistent with a role for homeotic genes in establishing sexual dimorphism. C. elegans Pc homologs mes-2, mes-3, and mes-6 have been shown to regulate homeotic gene expression, in particular egl-5 (discussed above) and mab-5, the latter of which is necessary for sexually dimorphic male V-ray sense organs (Ross and Zarkower, 2003) . Knockouts of the mouse Pc homolog M33 have altered expression of Hox genes resulting in sterility and male-to-female sex reversal (Katoh-Fukui et al., 1998) .
These results indicate that the regulation of homeotic gene expression is important for gonad development and sexual dimorphism in diverse organisms. Although methods of initial sex determination have widely diverged among animal species, many lines of evidence strongly suggest that mechanisms to promote sexual dimorphism in the gonad are conserved. Positional information provided by the homeotic genes is likely to be a key conserved element in creating sexual dimorphism.
Experimental procedures
Fly stocks
The following mutant alleles were used for analyses: Greig and Akam, 1993; Castelli-Gair et al., 1994) , twist-GAL4 (Baylies and Bate, 1996) . The following lacZ enhancer trap lines were used: 68-77 (D. Godt; Simon et al., 1990) , HCJ200 (W. Bender and Hudson, 2000) , esg G66 (Whiteley et al., 1992) . ru st fat facets-lacZ e ca (faf-lacZ; Moore et al., 1998b) , Dfd-lacZ-HZ2.7 (W. McGinnis; Bergson and McGinnis, 1990) outcrossed to faf-lacZ, and esg G66 outcrossed to w 1118 were used as wild type controls. Unspecified fly stocks were obtained from the Bloomington Stock Center and information about these alleles can be found at Flybase (http:// flybase.bio.indiana.edu).
Whole-mount antibody stainings
Embryos were fixed, devitellinized, and immunostained as previously described (Patel, 1994) , with modifications as in DeFalco et al. (2003) . Following staining, embryos were mounted in 2.5% DABCO (Sigma) on slides and viewed with a Leica NTS or Zeiss 510 Meta confocal microscope.
The following primary antibodies were used: chicken anti-VASA (K. Howard) at 1:5000 or 1:10,000; rabbit anti-SOX100B (S. Russell) at 1:1000; rabbit anti-b-GAL (Cappel) at 1:10,000; mouse-anti-b-GAL (Promega) at 1:10,000; rabbit-anti-GFP (Torrey Pines) at 1:2000; mouse anti-UBX mAb-5C.2B (V. Corces; Lopez and Hogness, 1991) 
Genotyping and sexing of embryos
In our experiments, we used balancer chromosomes carrying a GFP or lacZ transgene: P{hb-lacZ-TM3}, P{Ubx-lacZ-TM3}, P{Kr-GFP-CyO}, or P{Kr-GFP-TM3}, in order to distinguish homozygous mutant embryos from balancer-carrying siblings (Casso et al., 2000) . To determine sex of embryos, we used anti-SXL antibody or Xchromosomes carrying a lacZ or GFP transgene: P{Dfd-lacZ-HZ2.7} (Bergson and McGinnis, 1990) or P{Kr-GAL4, UAS-GFP-Fm7c} (Casso et al., 2000) . When using tagged X-chromosomes, males carrying the labeled chromosome were crossed to wild type virgin females. Only female progeny contain the tagged X-chromosome whose b-GAL or GFP expression pattern is detectable by antibody staining and fluorescence microscopy. and critical reading of this manuscript. This work was supported by the Pew Charitable Trust and NIH grant GM63023.
